A two-step one pot, experimentally simple protocol, based on readily available and inexpensive reagents allowed the conversion of nitro-arenes directly to N-aryl amides. A metal-free reduction of the nitro group, mediated by trichlorosilane, followed by the addition of an anhydride afforded the corresponding N-aryl carboxyamide, that was isolated after a simple aqueous work up in good-excellent yields. When the methodology was applied to the reaction with g-butyrolactone, the desired N-aryl butanamide derivative was obtained, featuring a chlorine atom at the g-position, a functionalized handle that can be used for further synthetic manipulation of the reaction product. Such an intermediate has already been employed as a key advanced precursor of pharmaceutically active compounds.
The formation of the amidic bond through the reaction of a carboxylic acid, or its derivative, and an amine is a transformation of outmost importance. 1 In 2018, ten years later the rst publication, about the ten Key Green Chemistry Research Areas, the six companies and the members of the ACS Green Chemistry Institute® Pharmaceutical Roundtable, conrmed the need for "general methods for catalytic/sustainable (direct) amide or peptide formation". 2 Therefore, the discovery of new methods, possibly catalytic or with improved atom efficiency, is highly desirable, along with the use of environmentally friendly reaction medium and simple isolation processes. When the amide formation involves the use of aromatic amines, the toxicity of anilines becomes also an issue, and safe protocols able to minimize the use of hazardous reagents are needed more than ever. 3 Here we report a two-step one-pot, experimentally simple protocol, based on readily available and inexpensive reagents, that allows the conversion of nitro-arenes directly into N-aryl carboxyamide derivatives. The procedure relies on the metal-free reduction of the nitro group by trichlorosilane, 3 to in situ generate a Nsilylated amine that reacts with an anhydride to afford the expected amide. 4 When applied to the reaction with g-butyrolactone, the method afforded N-aryl butanamides, featuring a chlorine atom at the g-position, a functionalized handle that may be used to further synthetically manipulate the reaction product.
In our study we took advantage of the metal-free reduction of the nitro group to amine 5 promoted by trichlorosilane in the presence of tertiary amines. The methodology is highly chemoselective and allows to obtain highly functionalized anilines in good yields aer a simple aqueous work up, that hydrolizes the N-silylated amines obtained from the reduction. 6 Therefore, we have explored the possibility of exploiting that intermediate and make it react with an anhydride to realize a one-pot synthesis of N-aryl substituted amides starting directly from nitroarene ( Fig. 1 ).
If successful, the proposed strategy would allow to synthesizing amides without direct handling of the highly toxic and carcinogenic aniline derivative, in a single process from relatively inexpensive and widely available nitroarenes. Only few examples are known for the direct conversion of nitroarenes to N-aryl amides, and all of them rely on the use of metal species and oen harsh conditions. 7 Noteworthy, the present work reports a metal-free approach for the one pot reduction/ Fig. 1 A metal-free, one-pot two-step synthesis of amides starting from nitroarenes. amidation of nitroarenes under operationally simple conditions. 8 We designed a one-pot sequence for N-aryl amides preparation from nitroarenes, trapping the N-silylated reduction intermediate with an acylating agent. The coupling step was supposed to proceed intramolecularly, the silicon center acting as a Lewis acid activated as a hypervalent species (Scheme 1).
Our investigation started with the study of the acylation of pchloronitrobenzene with acetic anhydride (Scheme 2). In a typical procedure, to the nitroarene solution in acetonitrile, 6 mol eq. of triethylamine and, then, 4 mol eq. of trichlorosilane were added at 0 C; the mixture was allowed to warm up to 25 C in 1.5 hours. Then acetic anhydride and the additive, if needed, were added and, aer 24 hours, the reaction was quenched with basic aqueous solution. When the reaction was performed at room temperature, the desired product 2b was obtained in 54% yield; under reux conditions, the yield was improved up to 70% (entries 1-2 of Table 1 ). It is worth mentioning that the reaction proceeds also in ethyl acetate, one of the recommended solvents at an industrial level, and afforded the N-(4-chlorophenyl)acetamide in comparable yield.
The use of additives was then investigated; it was observed that adding a uoride anion source, the yield was improved, and increased up to 85% at RT when the commercially available, inexpensive (HF) 3 TEA was used (entry 4). Fluoride ions are expected to coordinate the silicon atom to generate a penta-or hexacoordinated species that has a strong Lewis acid character and features a partial negative charge on the nitrogen atom. 6b,6c This intermediate could therefore coordinate the anhydride, thus leading to a more effective activation of the electrophile, and, at the same time, increasing the nucleophilicity of the nitrogen ligand. Other sources of uoride anion were less efficient.
An analogously benecial effect was obtained when Lewis bases as N,N-dimethylformamide were used (entry 7), but typically, large amounts of additives were needed. ‡ The addition of methanol was also studied and led to excellent results (entries 10-11, Table 1 ); § when 3 mol eq. of methanol were added to the reaction mixture, product 2b was isolated in 83% yield, aer 24 hours of reaction at room temperature. 9 Therefore, the reaction scope was investigated and optimization studies were carried on using methanol as the additive of choice, especially convenient in terms of cost, availability, molecular weight and reduced toxicity, compared to the use of uoride ion. In Scheme 3 different N-carboxyamide derivatives of anilines, prepared in a one-pot two-step procedure starting from the corresponding nitroarenes are reported.
The protocol afforded good results with nitroarenes featuring electronwithdrawing substituents, when yields higher than 80% were generally observed. The reaction tolerates on the aromatic ring the presence of carbonyl or nitrile groups, which are not affected by the reductive/coupling protocol. However, when 4-methoxynitrobenzene was used, the reaction afforded the amide product 2l in lower yields (30% yield, at 65 C). No yield improvements were obtained with different additives, but when 3 mol eq. of methanol were added to the mixture, N-4methoxyphenyl acetamide 2l was obtained, starting from 4methoxynitrobenzene, in quantitative yield. The protocol proved to be effective also with propionic, benzoic and isobutyric anhydrides, leading to the expected N-aryl amides typically in higher than 70% yields.
When 4-chloronitrobenzene was reacted with a cyclic anhydrides, the corresponding imide was formed; the reaction with succinic anhydride led to the formation of succinimide 3a in 77% yield, while with glutaric anhydride, the product 3b was isolated in 55% yield (Scheme 4, eqn (a)). (2) 56 10 25
Methanol (2) 77 11 25
Methanol (3) 83 The present procedure works also with acid chlorides; starting from 4-chloronitrobenzene, the reaction with acid chloride of racemic N-acetyl valine afforded the corresponding amide 4 in 55% yield. The one-pot protocol was found to be effective with pyridyl thioesters too and products 5a and 5b were obtained in 86% and 70% yield respectively.{ The thioesters needed to be added in the reaction mixture aer the reduction of the NO 2 group was completed, as they were shown to interfere with the reductive step, probably due the coordination of the pyridine moiety to the silicon centre.
The reaction was also attempted with g-butyrolactone, a nonactivated partner and precursor of a g-functionalized amide (Scheme 5, eqn (a)).
Aer a preliminary optimization phase, k it was found that starting from nitrobenzene, running the reaction at 82 C in the presence of an excess of lactone, the condensation product 6a was obtained in 75% yield, aer chromatographic purication (entry 1, Table 2 ). Interestingly, the obtained product features a chlorine atom at the g-position, thus offering the opportunity to further functionalize the N-aryl carboxyamide. When the reaction scope was investigated, varying the electronic characteristics of the nitroarene, the procedure was found to work with different substrates, affording the g-chloro substituted butanamides 6a-e in yields ranging from 50 to 75%. OMe 6e 95 51 a Reaction conditions: to a acetonitrile solution of nitroarene (1 mol eq.), triethylamine (6 mol eq.), and HSiCl 3 (4 mol eq.) lactone (5-15 mol eq.) was added. b Isolated yields chromatographic purication. { Under the present reaction conditions, alkyl or benzyl esters do not react;
further studies are underway to overcome that reagent limitation. Arylthioesters afforded the product in moderate yields.
k For further details on preliminary investigation and optimization studies of parameters, such as reagents stoichiometry, temperature, solvent and other experimental details see the ESI. † When the 4-nitrotoluene was reacted with d-valerolactone the expected d-chloro substituted amide 7 was obtained in 45% isolated yield (eqn (b), Scheme 5).** The g-chloro N-aryl butanamides are versatile building blocks, direct precursor of bioactive products 10 and widely exploited intermediates in the preparation of libraries for biological screenings (Fig. 2) . 11 In conclusion, a two-step one pot, metal-free protocol, based on readily available and inexpensive reagents has been developed to transform directly nitro-arenes into N-aryl amides. When the methodology was applied to the reaction with gbutyrolactone, the desired N-aryl butanamide was obtained, featuring a chlorine atom at the g-position, a key intermediate for the preparation of a wide class of biologically active compounds. The proposed strategy allows synthesizing amides without direct handling of the highly toxic and carcinogenic aniline derivatives, in a single, experimentally simple process.
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